Summary. Bone mineral density (BMD) of the lumbar spine was measured to determine normal Japanese values and to examine the effect of obesity and menopausal status on BMD. Normal Japanese subjects (N = 1,296, 1,048 women and 248 men) were examined using dual-energy X-ray absorptiometry. BMD for men peaked between age 20 and 29. For women, there was abrupt bone loss after age 50. Obese women within the same age bracket had a higher BMD than thin women after age 40--49. We determined that BMD began to decline during the irregular menstruation period before the onset of menopause. We conclude that there is a positive correlation between obesity and BMD, particularly in postmenopausal women. In addition, we found that bone loss related to menopause begins during the irregular menstruation period before menopause.
Subjects and Methods
Normal Japanese volunteers (N = 1,296), all residents of Hamamatsu and Hamakita cities, Shizuoka Prefecture, served as subjects for this study. The study group included 248 men (21--89 years old, mean 47.4 years) and 1,048 women (20-88 years old, mean 53.2 years). All were volunteers and gave informed consent before the examinations. Data acquisition occurred during the period between May and December, 1988. A large sample was used to allow aging trends to be better quantified [8] , and influences of body weight and years postmenopause to be better assessed. Table 1 shows the age distribution, heights, and weights of the sample subjects. Body mass index (BM1 in kg/m 2) was also calculated as the weight divided by Offprint requests to: K. Kin the height. 2 Each subject was given a medical interview. All subjects who had had diseases affecting bone metabolism or who were outpatients or inpatients under medical treatment were excluded from the study. Women averaged 152.1 cm in height and 50.5 kg in weight; men averaged 166.3 cm in height and 62.7 kg in weight.
The lumbar spine (L2-L4) of all subjects was examined using the same dual-energy X-ray absorptiometry (DEXA) unit (Lunar DPX, Lunar Radiation Corporation, Madison, WI). This unit uses an Xray tube operating at 77 kVp and 750 txA. A cerium K-edge filter divides the constant-potential X-ray beam into two components with effective energies at 40 and 70 keV. A scintillation detector and nuclear counting circuitry were used to register the photon flux at the two energies. Conventional dual-photon absorptiometry uses a ~53Gd source. The advantage of the Lunar DPX unit is that it uses an X-ray source, allowing reduced precision error, short scan times, and better spatial resolution than conventional DPA units. The published precision for spine and femur BMD measurements in vivo is 1% [9] , and the short-term precision error for repeat measurements (six measurements every 2 days over a 2-week period) in our laboratory was 0.87% using 7 normal male subjects. The BMD of the L2-L4 vertebrae was measured. Subjects with obvious compression fractures, osteophytes, and severe scoliosis were excluded from analysis. All measurements and analyses were performed by one researcher (KK) to minimize the effect of operator influences.
Mean BMD for each decade of life was calculated using Hoffmann's method [10] in which all values out of the range of mean -2 SD are excluded.
The BMD for each decade was also calculated in relation to BMI in both sexes to examine the effect of obesity. We examined the effect of obesity on BMD by comparing subjects of different body mass indices. A recent report in Japan concluded that the normal range of BMI of Japanese people was between 21 and 25 kg/m 2 whereas obese individuals were characterized as having a BMI above 27 [11] . These values are similar to those reported in the U.S. [12] . Based on these proposals, we subdivided each age group into three groups: thin (BMI < 21), standard (21 ~< BMI < 25), and obese
The results were also analyzed in relation to the menstruation status and number of years past menopause in women. A crosssectional study was done according to the menstruation status of those 542 female subjects between the ages of 40 and 69. These subjects were further classified into three groups: type 1, premenopausal subjects with a regular menstruation cycle; type 2, premenopausal subjects with an irregular menstruation cycle; and type 3, postmenopausal (more than 1 year since last menses) subjects. Furthermore, type 3 was further subdivided into four groups according to the number of years postmenopause (0-5, 6--10, 11-15, and 16-20) (Table 2 ). An irregular menstrual cycle was defined to be one in which there was cycle length variation or a decrease in menstrual flow after age 40.
To correct for the effects of aging, the BMD of the various menstrual types was compared for the group as a whole (40-69) as well as within age groups (40-44, 45-49, and 50-54).
Statistical comparisons were made using a t-test. The relationship of BMD to body weight and to BMI in women was analyzed by linear regression. Mean -+ SD
Results
There was no significant decrease in mean BMD in women between the ages of 20 and 49 ( Fig. 1 , Table 3 ). After peaking at 1.159 g/cm 2 (SD 0.091) between the ages of 40 and 49, BMD decreased by 16.9% by the next decade. This difference between the two decades was significant at the 0.001 level. The average annual reduction in BMD during this time was 0.0196 g/cm 2. Likewise, there were significant decreases between the ages of 50-59 and 60-69 and between ages 60-69 and 70+ (P < 0.001 and 0.002, respectively). By age 60-69, BMD had decreased 25.7% from its peak in the 40-49 year age range. Subjects 70 years of age and older had a 30.1% reduction from the peak value (Fig. 2) . The BMD value for men peaked at 1.207 g/cm: between ages 20 and 29 and decreased gradually thereafter ( Fig. 1 , Table 4 ). Spinal BMD was essentially constant between 20 and 39 years of age with a slow decrease of 5%/10 years between ages 20 and 70. A statistically significant reduction in BMD when compared with the 40--49 year group was not observed until after age 70 (Fig. 2) . BMD decreased 2.7% between ages 40--49 and 50-59. Likewise, subjects age 60--69 showed a 3.6% decrease from the 40-49 BMD value. It was not until after age 70 that a significant decrease of 14.3% was noted.
The results for the thin, normal, and obese female groups show that the higher BMI groups had a higher BMD after age 40-49 (Table 3 ). The thin (BM] < 21) group was significantly (P < 0.01) lower in BMD than the obese (BMI/> 25) group after age 40-49. In women, the change in spinal BMD with increasing age was most evident in the thin groups (Table 3) . In men, however, there was no relationship between BMI and BMD ( Table 4) .
The linear regression relationship between weight and BMD in women is shown in Table 5 . There were positive correlations between weight and BMD (r = 0.306-0.572, P < 0.001) and BMI and BMD (r = 0.169-0.422, P < 0.001) in the young, middle-aged, and elderly adult groups.
The effects of menstruation status and years after menopause on spinal BMD in women are summarized in Table 6 . Statistically significant differences were observed between regular and irregular menstruation groups aged 40-44 and 45-49 years (P < 0.05 for both groups) (Fig. 3, Table 7 ). However, a significant difference in the 50-54 year group was noted only between the regular and postmenopausal groups (P < 0.05).
Discussion
There was a 1-2 cm difference in height and a 2 kg difference in weight between the average value of our female subjects and the corresponding values for the national average, as calculated by the Japanese Ministry of Health and Welfare in 1986 [13] . For male subjects, the average height and weight values for each decade were similar to the corresponding national averages. This correspondence suggests that our measured BMD values are representative of those for normal Japanese.
Our results in young adults correspond closely to the values published by Han et al. [14] for Koreans. Our values are also similar to those of Norimatsu et al. [5] for residents of Okinawa. In both cases, the measurements were made with similar instrumentation which were calibrated very closely (Lunar DPX and DP3, respectively) [9] and the populations were similar in body size when compared to ours. 
a Number of subjects X = mean spine BMD [7] ) and normal Japanese women; (B) change in normal Japanese men.
BMD declined less with age in Okinawa women than in our sample, whereas the decline in Korean women was closer to our results. The results of another study of normal Japanese residents [6] cannot be compared directly with the above results because a differently calibrated densitometer (Norland 2600) was used.
We also compared our results on Japanese women with those on white women from the U.S. and Australia [7, [15] [16] [17] . Mazess et al. [7] studied 882 normal U.S. white women with the 153Gd DPA method (Lunar DP3). This study showed that the BMD of L2-L4 vertebrae was constant (1.25 g/cm 2) from 20 to 39 years of age. The annual reduction in BMD was 0.01 g/cm 2 for women aged 40--69, with a slower reduction of 0.002 g/cm 2 thereafter. The decreases from peak adult BMD values in Japanese women appear larger than those seen in U.S. white populations (Fig. 2) . Our results showed a linear decline of BMD for men with aging which resembled reported changes in U.S. white men [16, 17] . However, Japanese women had a relatively stable bone mass until the climacteric period. This was followed by an abrupt decrease after the mean menopause age that continued longer than in white populations. Results from the Australia study of white women were quite similar to the U.S. results, with only small, nonsignificant deviations in certain decades of life [15] . At all ages, Japanese in our study had BMDs that were approximately 10% lower than that of the U.S. and Australian white populations. This differential increased to 16.5% by age 70. The study of Korean women [14] also found similar discrepancies between the two populations. Okinawa women [5] had BMD values that were approximately 5% lower than that of the white populations.
The Japanese-white difference is difficult to compare directly because different factors affect bone mass. For example, the body sizes of the two populations are different. Both Japanese and U.S. white women reach their peak weight in their 40s and 50s, but the mean weight of the Japanese is 13 kg less than that of their American counterparts at this time. However, the values for peak BMD in young Japanese adults may be influenced by the known secular trend for increasing height and weight that has been occurring in Japan for at least the last 20 years [18] . It is generally believed that there is a positive correlation between BMD and weight; subjects with higher weight have higher BMDs [ 19] . Another possible explanation for the discrepancy noted between the U.S. white and Japanese BMD values may also be related to the greater weight and height of American women. Rubin and Lanyon [20] found that increased mechanical loads on the skeleton may result in remodeling of bone, thus possibly increasing bone mass in people of larger body size. Therefore, there is a possibility that differences in physique between white and Japanese women may partially account for the observed discrepancy of BMD between the two populations.
Our results showed that BMD in the obese group was higher than in the thin and standard groups after the fifth decade of life (Table 3) . It is generally acknowledged that there is a positive correlation between obesity and BMD in postmenopausal women [21] [22] [23] ; this correlation is supported by our data. The aromatization of androstenedione in the peripheral tissues is the primary source of estrone in postmenopausal women [24, 25] . This conversion takes 
a Number of subjects X = mean spine BMD Table 5 . 
a Number of subjects Reg = regular menstruation group; Irre = irregular menstruation group; Post = postmenopausal groups (0-5, 6-10, 11-15, and 16-20 years since menopause); X = mean spine BMD 
Abbreviations same as in Table 6 Number of subjects place in adipocytes, thus giving obese individuals a larger source of circulating estrogen [25, 26] . In addition, the aforementioned effect of increased mechanical strain on the skeleton in obese people may also act to increase BMD. Changes of BMD with age in women are most evident in the thin groups but are not apparent in men. This may be partly due to the relatively small number of male subjects in our sample.
Other researchers have found abrupt bone loss in the early stages following menopause [27, 28] . However, only a few investigators [29, 30] have attempted to determine bone mineral changes in the irregular menstruation period before menopause. Therefore, we attempted to determine whether or not changes take place in bone mass before the onset of menopause. The difference of BMD between each menstruation type was investigated ( Table 2, Table 6 ). Within each bracket, the BMD of the irregular menstruation subjects was significantly lower than that of the regular menstruation subjects, but there were no significant differences between irregular menstruation and postmenopausal subjects (Fig. 3 , Table 7 ). Therefore, we believe that there is an abrupt bone loss in the period of irregular menstruation and the early stage after menopause. Because the serum estradiol decreases after age 40 [31, 32] , bone loss in premenopausal subjects with irregular menstruation cycles may reflect the decrease of serum estradiol levels. These results indicate that significant bone loss related to menopause starts before the onset of menopause.
